Purpose: Early posttransplant atrial fibrillation (AF) has been associated with worse clinical outcomes after heart transplantation (HTX). The type of surgical technique may constitute a relevant risk factor for AF.
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The influence of surgical technique on early posttransplant atrial fibrillation -comparison of biatrial, bicaval, and total orthotopic heart transplantation Rasmus Rivinius 
Introduction
Atrial fibrillation (AF) in the early posttransplant period is a common phenomenon in patients after heart transplantation (HTX) with a previously described incidence of 7.9%-18.2%. 1, 2 Although several risk factors, such as immunosuppressive drug therapy, acute rejection, or ischemic time, may have an influence on the occurrence of AF, the type of surgical technique could play a key role in the development of posttransplant AF within 30 days after HTX.
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Rivinius et al anatomy, long suture lines with potentially proarrhythmic scar tissue, and possible sinus node injury. 4, 5 An alternative is the "bicaval technique (BC)", also known as "bicaval, left atrial technique", clinically introduced by Sievers et al. 6 Here, the right donor atrium is preserved via donor-to-recipient venae cavae anastomoses resulting in unaltered properties of the right atrial geometry and conduction system. 4, 5 However, the left atrial anastomosis is still performed via donor-to-recipient atrial anastomosis as described by Lower and Shumway. 3, 4 "Total orthotopic (TO) HTX", also known as "bicaval, bipulmonary venous technique", was clinically introduced by Dreyfus et al. 7 This technique comprises the total excision of the recipient atria, except for two small pulmonary vein cuffs, which are separately integrated into the left donor atrium. 4, 8, 9 The right donor atrium is connected via BC anastomosis as reported by Sievers et al. 6 In this way, the anatomic integrity and physiology of both atria are preserved. 9 Disadvantages of this technique are prolonged ischemic time as a result of complex anastomoses and pulmonary venous stenosis. 4 Therefore, the aim of this study was to determine whether the type of surgical technique (BA, BC, or TO) has an influence on early posttransplant AF.
Patients and methods Patients
This study was performed in accordance with the ethical standards of the Declaration of Helsinki and was approved by the Ethics Committee of the University of Heidelberg, Heidelberg, Germany. It included all patients ($18 years) receiving HTX at the Heidelberg Heart Center, Heidelberg, Germany, between June 1989 and December 2012. Patients with repeated HTX were excluded. Data were retrieved from the clinical routine. Written informed consent was obtained for the Heidelberg HTX register. 10, 11 As only clinical routine data were used for this study, no additional written informed consent was required from the patients.
Patients were stratified by surgical technique (BA, BC, or TO) and according to posttransplant heart rhythm within 30 days after HTX. The decision of which surgical technique to be used had not been preselected. Factors influencing the choice of HTX technique were surgeon's preference, anatomical characteristics, and previous open heart surgery.
Follow-up
Patients were routinely followed-up according to the center standard. The minimum follow-up period was 30 days after HTX. During the early posttransplant period, heart rhythm was continuously assessed by monitor telemetry. Furthermore, 12-lead electrocardiography was routinely performed and in case of arrhythmias on monitor telemetry. Additionally, 24-hour-Holter recording was performed. All available source files pertaining to heart rhythm in the early posttransplant period (#30 days after HTX) were analyzed. Early posttransplant AF (AF #30 days after HTX) was defined as AF lasting 30 seconds or longer. Atrial flutter or other supraventricular tachyarrhythmias were not included.
Cardiac rejection episodes were diagnosed and treated according to the revised International Society for Heart and Lung Transplantation classification. 12 
Posttransplant medication
Patients after HTX received an immunosuppressive induction treatment with anti-thymocyte globulin since 1994. The initial immunosuppressive regimen of cyclosporine A (CsA) and azathioprine (AZA) was subsequently replaced by CsA and mycophenolate mofetil (MMF) from 2001 onward, and by tacrolimus (TAC) and MMF from 2006 onward. Simultaneously, steroids (prednisolone) were applied.
10,11
Statistical analysis
Analysis of data was performed with SAS (version 9.3; SAS Institute, Cary, NC, USA). Data were expressed as mean ± standard deviation (SD) or as absolute number (n) with percentage (%). Student's t-test and analysis of variance were used for continuous variables, and a chi-square test was used for categorical variables. A Kaplan-Meier estimator was used to estimate the survival of patients after HTX. A P-value of ,0.0500 was considered to be statistically significant. 10, 11 Univariate analyses covered demographic data, perioperative data, initial posttransplant medication, including immunosuppressive drug therapy, postoperative echocardiographic features, and treated rejection episodes (TREs) within 30 days after HTX.
Furthermore, a multivariate analysis (Cox regression model) was performed to estimate the influence of seven variables on AF within 30 days after HTX. It comprised five variables which were statistically significant risk factors for early posttransplant AF in the univariate analysis: valvular heart disease as principal diagnosis for HTX, donor age ($40 years), enlarged end-diastolic left atrial diameter after HTX ($40 mm), mitral regurgitation after HTX, and non-TO HTX (BA and BC). Additionally, two potential risk factors of clinical importance for AF were included: prolonged ischemic time ($240 minutes) and occurrence of a TRE within 30 days after HTX. No more variables were included to 
289
Influence of surgical technique on posttransplant atrial fibrillation ensure a stable number of events (AF) per analyzed variable and to avoid biased regression coefficients. 
Results
Baseline characteristics by HTX technique
Baseline characteristics by heart rhythm
Analysis of early posttransplant heart rhythm within 30 days after HTX showed 469 patients (88.5%) with sinus rhythm (SR) and 61 patients (11.5%) with AF.
There were no statistically significant differences between recipient data, previous open heart surgery of the recipient, or transplant sex mismatch in patients with or without AF (all P$0.0500).
The principal diagnosis for HTX differed not significantly considering nonischemic CMP, ischemic CMP, or cardiac amyloidosis (all P$0.0500). Patients with early posttransplant AF had a higher rate of valvular heart disease as principal diagnosis for HTX (P=0.0284).
Regarding donor data, no statistically significant differences were found in donor sex (P=0. Patients with BC-HTX and TO-HTX received more often ivabradine (P=0.0002) and calcium channel blocker (P=0.0400). However, neither the administration of nondihydropyridine calcium channel blocker (P=0.8937) nor the use of beta blocker (P=0.4762) differed statistically significantly across the study.
By heart rhythm
There were no statistically significant differences between patients with SR or AF within 30 days after HTX regarding immunosuppressive drug therapy or antiarrhythmic medication (all P$0.0500). Data for medication used within 30 days after HTX are given in Table 3 .
Echocardiographic features By HTX technique
More patients with BA-HTX (95.7%, P,0.0001) had an enlarged right atrium (end-diastolic diameter $35 mm) compared to those with BC-HTX (27.0%) or TO-HTX (22.4%). With regard to left atrial size, patients with TO-HTX (75.6%, P,0.0001) had a higher percentage of a normal left atrial size 
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Influence of surgical technique on posttransplant atrial fibrillation (end-diastolic diameter ,40 mm) than those with BA-HTX (4.3%) or BC-HTX (47.0%). There were no statistically significant differences between HTX techniques regarding right ventricular size, left ventricular size, left ventricular ejection fraction, mitral regurgitation, or tricuspid regurgitation (all P$0.0500).
By heart rhythm
Patients with AF had a higher rate of an enlarged right atrium (73.8% vs 42.0%, P,0.0001), an enlarged left atrium (77.0% vs 49.0%, P,0.0001), and an enlarged right ventricle (32.8% vs 13.9%, P=0.0002). Moreover, patients with AF had significantly more often mitral regurgitation (41.0% vs 21.5%, P=0.0008), whereas tricuspid regurgitation was not statistically different between groups (P=0.0880). No statistically significant difference was found regarding left ventricular size or left ventricular ejection fraction (both P$0.0500). Echocardiographic features within 30 days after HTX are given in Table 4 .
Multivariate risk factor analysis for early posttransplant aF
Multivariate risk factor analysis for posttransplant AF within 30 days after HTX included the following seven 
By heart rhythm
Kaplan-Meier survival analysis showed a statistically significant 5-year survival (P,0.0001) in patients with SR (71.4%) compared to those with AF (44.4%). A Kaplan-Meier 
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Rivinius et al estimator (5-year survival of patients by heart rhythm) is shown in Figure 2 .
Comparing 5-year follow-up mortality rates, we found that patients with AF had a higher mortality rate with BA-HTX Figure 3 .
Discussion
Incidence of early posttransplant AF
In this study, 61 patients (11.5%) developed AF within 30 days after HTX. These patients were subdivided into 28 patients with BA-HTX (17.4%), 17 patients with BC-HTX (14.8%), and 16 patients with TO-HTX (6.3%; P=0.0012). This is in line with the findings of Dasari et al 1 who observed a 30-day incidence of AF with 7.9% after HTX and of Pavri et al 2 who reported a 14-day incidence of AF with 18.2% after HTX.
Techniques of HTX
In patients with BA-HTX, the donor atria are joined with most of the recipient atria, including pulmonary veins, superior vena cava, and inferior vena cava. As a result, both atrial cavities are enlarged resulting in distorted anatomy with potentially proarrhythmic scar tissue and previously reported atrial arrhythmias with even recipient-to-donor atrioatrial conduction. 13, 14 In contrast, BC-HTX and TO-HTX preserved the geometry and conduction system of the right donor atrium, as well as these keep most of the left donor atrium intact. 4, 5 Consequently, a lower incidence of atrial arrhythmias compared to BA-HTX has been observed. 8 However, differences in size of the left atrial diameter and the remaining left atrial tissue between the two previously mentioned techniques still exist. BC-HTX features one large piece of recipient left atrium including the pulmonary vein ostia, whereas TO-HTX has two smaller pieces of recipient left atrium consisting of one atrial graft with the right pulmonary veins and another with the left pulmonary veins. 6, 7 
295
Influence of surgical technique on posttransplant atrial fibrillation
We found the lowest rate of AF within 30 days after HTX in patients with TO-HTX (6.3%), followed by BC-HTX (14.8%) and BA-HTX (17.4%, P=0.0012). These findings suggest that TO-HTX is associated with a reduced occurrence of early posttransplant AF due to maintenance of atrial anatomic integrity and physiology.
However, the selection of surgical technique depends on various factors, such as surgeon's preference, anatomical characteristics, and previous open heart surgery, and should therefore be subject to a case-by-case decision by the surgical team in the patient's best interest.
Risk factor analysis for early posttransplant aF
Several risk factors may influence the occurrence of early posttransplant AF. Prolonged ischemic time has been associated with an increased rate of posttransplant AF, especially patients with a prolonged ischemic time ($240 minutes) are at higher risk. 15 As BA-HTX has a shorter ischemic time due to fewer anastomoses, this might be associated with a decreased rate of AF. However, we found no significant differences in ischemic time or prolonged ischemic time between patients with SR and AF in the univariate (P=0.1618 and P=0.2641, respectively) or in the multivariate analysis (P=0.0504). This is in line with previous reports' finding of no association between ischemic time and AF. 1, 2 Atrial tachyarrhythmias after HTX have been linked to acute rejection. 16, 17 We did not observe any association between acute rejection and AF. Neither did the number of TREs (P=0.8979) nor the occurrence of $1 TRE differ in the univariate (P=0.7688) or multivariate analysis (P=0.4204).
Other studies reported similar findings as they did not observe any association between acute rejection and AF after HTX.
1,2
Moreover, we did not find any significant differences in the immunosuppressive drug therapy (CsA, TAC, AZA, or MMF) between patients with or without AF. Antiarrhythmic drugs (beta blocker or calcium channel blocker) can influence the occurrence of AF. 11 Comparing the initial medication within 30 days after HTX, we found no significant differences between patients with SR or AF with regard to the use of beta blocker or calcium channel blocker. In a previous study, our group analyzed the influence of the long-term use of amiodarone before HTX on early posttransplant AF and could demonstrate that long-term use of amiodarone prior to HTX significantly reduced early posttransplant AF. 11 A comparison of the three HTX techniques regarding pretransplant long-term use of amiodarone showed no significant difference (P=0.3042).
Univariate and multivariate analyses of echocardiographic features showed that patients with AF had a higher rate of an enlarged left atrium (P,0.0001 and P=0.0066, respectively). Patients with a dilated left atrium may be more susceptible to AF due to increased wall tension and excitable scar tissue. Patients with BA-HTX and BC-HTX had higher rates of an enlarged left atrium compared to those with TO-HTX (P,0.0001). Former studies have stated worse outcomes with BA-HTX regarding atrial diameter, atrial geometry, and atrial hemodynamics resulting in an increased rate of AF, 4, 5, 9 whereas TO-HTX offers a more physiologic atrial anatomy and size with improved left atrial function. 18 We observed a higher number of mitral regurgitation in patients with AF in the univariate and multivariate analyses (P=0.0008 and P=0.0370, respectively), although there were mainly mild forms of mitral regurgitation. However, even mild forms of mitral regurgitation may provoke atrial arrhythmias, such as AF, by jet-induced stretching of the atrium or provoking rapidly discharging triggers, especially in cases of an already enlarged left atrium. Various studies have reported an increased incidence of posttransplant mitral regurgitation in patients with BA-HTX. 4, 5, 18 Moreover, mitral regurgitation may be related to abnormal atrial size causing impaired valvular integrity and function. 19 We detected the highest rate of mitral regurgitation in patients with BA-HTX (26.1%), followed by BC-HTX (23.5%) and TO-HTX (22.4%).
Increase of the left atrial diameter and mitral regurgitation after HTX as risk factors for AF highlight the importance of Figure 3 Kaplan-Meier estimator (5-year survival by surgical technique and heart rhythm). Note: Five-year survival of patients stratified by surgical technique (biatrial, bicaval, and total orthotopic HTX) and by heart rhythm within 30 days after HTX (SR or AF). Abbreviation: HTX, heart transplantation.
Dovepress
296
Rivinius et al preserved anatomic integrity. As a matter of fact, TO-HTX itself significantly reduced early posttransplant AF by creating normal sized atrial diameters along with a lower rate of mitral regurgitation.
Patients with valvular heart disease as principal diagnosis for HTX had a higher rate of early posttransplant AF which might be due to former open heart surgery causing scar tissue and adhesions. This could result in aggravated anastomoses of the donor heart providing potential foci for arrhythmias.
survival
The development of posttransplant AF has been associated with increased mortality after HTX.
1,2 Even short periods of AF have been linked to worse outcomes. 2 These reports are in line with our findings showing an inferior 5-year survival of patients with AF (P,0.0001). Furthermore, our data showed an impaired survival of patients with AF in all three techniques.
A survival advantage in patients with BC-HTX or TO-HTX compared to BA-HTX has been controversially discussed in the literature. 5, 8, 9, 20, 21 Some studies reported a higher mortality rate with BA-HTX, 8, 9 whereas other publications found no difference. 5, 20, 21 As a matter of fact, we could not find any statistically significant difference in 5-year survival between HTX techniques (P=0.4458), although the occurrence of early posttransplant AF was higher in patients with BA-HTX and BC-HTX.
This circumstance indicates that survival after HTX depends on various risk factors of which early posttransplant AF seems to be an important one -but not the only one. Hence, this large study of 530 patients was able to demonstrate differences between the three HTX techniques regarding the occurrence of AF as well as to show the influence of early posttransplant AF on survival after HTX, in general -but not to distinguish the effect of AF on survival within the three different HTX techniques as several risk factors can affect survival after HTX. Therefore, further large prospective randomized controlled studies are required to address this interesting issue.
Study limitations
First, these findings were based on a single-center study with 530 patients. However, due to its participant number including 161 patients with BA-HTX, 115 patients with BC-HTX, and 254 patients with TO-HTX, these results may be compared in numbers with those of multicenter studies. Additionally, patients received a comparable center-specific treatment and follow-up minimizing possible confounders.
Second, although data were gathered prospectively, the retrospective nature of this analysis carries the limitations of such a study design. 10, 11 Third, a possible era effect cannot be ruled out, given the long follow-up period.
22,23
Conclusion
Early posttransplant AF was associated with a significantly increased mortality rate after HTX (P,0.0001). A multivariate risk factor analysis indicated pretransplant valvular heart disease, an enlarged left atrium after HTX, mitral regurgitation after HTX, and non-TO (BA and BC) as significant risk factors for early posttransplant AF. Patients with TO-HTX had the lowest rate of AF within 30 days after HTX.
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